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(54) Title:. PROCESS FOR THE PREPARATION OF ARYL-PYRIDINYL COMPOUNDS 

(57) Abstract: A process is described for the preparation of aiylpyridine compounds by aryl-aryl cross-coupling reactions between 
a halopyridine and an arylmagnesium halide carried out in the presence of a catalytic amount of a zinc salt and a catalytic amount 
of palladium. The zinc salt is preferably selected from ZnCh, ZnBr. and/or Zn(OAc)2 while the palladium is preferably used m die 
form of Pd(PPh3)4 or Pd(OAc). + 4 PPhj. The reaction can also be carried out in the presence of bidentate phosphmes, such as, for 
example, L3-bis(diphenylphosphine)propane or l,4-bis(diphenylphosphine)-butane. It is dius possible to obtain molar yields higher 
dian 97% (calculated relative to the halopyridine) and a catalyiicity of more than 2000. 
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PROCESS FOR THE PREPARATION OF ARyL-PYRIDINYI7''C0MP0XJNDS 



COMPOUNDS 



Arylpyridines are generally used in organic synthesis as intermediates for the 
preparation of various kinds of compound; of these, 4-(2'-pyridyl) benzaldehyde 
is a useful intermediate in the preparation of antiviral drugs and, in particular, of 
HIV protease inhibitors, such as, for example, the azahexane heterocyclic 
derivatives described in international patent application WO 97/40029, which is 
incorporated herein by reference; among the antiviral drugs concerned, one of 
particular interest is, for example, that indicated by the abbreviation BMS-232632 
in Drugs of the Future 1999, 24(4):375, the structural formula of which is given 
below: 



Arylpyridines can be prepared by aiyl-aryl cross-couphng reactions (Lohse et aL; 
Synlett. 1999, Vol. 1; 45-48. MinatO et al.. Tetrahedron Letters, Vol. 22, no. 52, pp. 
5319-5322, 1981. Ei-ichi Negishi et al. Heterocycles 1982, Vol. 18; 117-122), or 
coupling reactions between two aryl compounds in accordance with the scheme 
given below: 



wherein: 

Ax represents an aryl compound and Py represents a pyridine compound; Me 
represents a metal selected from Mg, Zn and Sn. and X represents Br, CI, I; or. 




ArMeX + Py Y 



ArPy + MeXY 
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alternatively, Me and X, together, represent B(0H)2 or BR2 (wherein R is an alkyl 
group); Y represents Br, CI or I. 

In particular, 4-(2'-pyridyl)benzaldehyde is noimally prepared starting from 4- 
bromobenzaldebyde and 2-bromopyridine (Bold et al.; J.Med.Chem. 1998, 41, 3387 
and WO 97/40029), according to the scheme given in Figure 1. 



Figure 1 




3 

1 2 



The method provides for the conversion of 4-bromobenzaldehyde into the 
corresponding acetai and then into the Grignard reagent BrMgC6H4CH(PR)2 
(compound I). The Grignard reagent is then reacted with 2-bromopyridine 
(compound 2) in the presence of NiCh and l,3-bis(diphenyIphosphine)propane 
{Inorg.Chem. 1966, 1968) to give, after the conversion of the acetai group into an 
aldehyde group, by treatment in an acidic aqueous medium, 4-(2'- 
pyridyl)benzaldehyde (compotmd 3). 

However, that method has disadvantages of not inconsiderable importance, such 
as the use of a toxic and carcinogenic catalyst such as the nickel salt and, above 
all, poor reproducibility, which is all the greater the smaller the amount of catalyst 
employed. 
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The object of the work which resulted in the present invention was therefore to 
find a novel and reliable aiyl-aryl cross-coupling process based on the use of 
metals that are both other than nickel and capable of leading to the formation of 
arylpyridines, and in particular 4-(2*-pyridyl)benzaldehyde, with reproducible and 
industrially satisfactory yields, even in the presence of very small amounts of 
catalyst. 

It has now been found that a zinc salt can be used in a catalytic amount and in 
combination with palladium to catalyse efficiently the formation of arylpyridines 
by aryl-aryl cross-coupling reactions. In particular, as will be seen hereinafter, it 
has been found that the zinc sah in combination with palladium catalyses with 
optimum yields, a high level of productivity and, above all, with a high degree of 
catalyticity the reactions for the synthesis of arylpyridines according to the 
general scheme given below 




1 2 3 

wherein A and B, which are the same or different fi^om one another, represent H; a 
linear or branched CpCg alkyl; an optionally substituted acetal group; an aryl or a 
benzyl, which are optionally substituted by groups that do not interfere with a 
Grignard reaction; and Xi and X2, which are the same or different fi-om one 
another, represent CI, Br or L 

The subject-matter of the present invention is particularly interesting bearing in 
mind that coupling reactions catalysed by palladium and mediated by zinc salts 

.0127083A1J_> 
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have akeady been described in letter et al., SYNTHESIS, June 1998, 829-831. 
However, in that article the zinc salt was used in amounts of approximately 2 
equivalents with final yields of 70-80%; by increasing the concentration of the 
zinc salt to 3 equivalents it was possible to obtain a substantial increase in the 
yield which, however, fell by 40% when only one equivalent of the zinc salt was 
used. 

With the present invention, it has, however, surprisingly been found that the use 
of a catalytic amount of the zinc salt in the presence of a catalytic amount of 
palladium leads to the formation of arylpyridines with yields ranging from 84 tp 
99.5%, depending on the conditions, and also to a substantial reduction in the 
amount of catalyst; in this connection, among other things, it was also observed 
that, in the presence of a catalytic amount of the zinc salt, the palladium can be 
used in an amount of up to 1 mole for every 10,000 moles of aiylpyridine product, 
which is undoubtedly surprising bearing in mind that, in the already mentioned 
WO 97/40029, the catalyticity was approximately 0.6 mole of nickel per 100 
moles of bromopyridine. It is important to remember that the extremely high cost 
of palladium makes its use in an industrial process economically disadvantageous 
if it is employed in molar ratios with respect to the substrate of from 1:20 to 
1:200. 

In this connection, it should be noted that the use of catalytic amounts of zinc salts 
in combination with catalysts based on nickel or palladium had already been 
described by Miller and Fairell in Tetrahedron Letters, Vol. 39, 1998, 7275-8, and 
in the coiresponding United States patent US 5,922,898. However, those 
documents describe a method which permits the coupling of Grignard compounds 
with aryl halides containing groups reactive towards the Grignard compounds, 
such as, for example, esters, ketones and nitriles; the presence of the zinc salt as a 
co-catalyst in this case makes it possible to avoid the protection and deprotection 
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of the groups reactive towards the Grignard compounds. In the documents in 
question, the ratio of the catalyst (Pd or Ni) to the aiyl halide is nomally 
approximately 1:20 and, in any case, is never less than 1:100; those documents 
also give examples demonstrating a high degree of inhibition of the coupling 
reaction in the presence of a molar ratio of 1:1 between the arylmagnesium 
reagent and ZnCb. The fairly high yields are also promoted by the presence of 
electron-attracting groups on the aryl halides, which increases the reactivity 
thereof in the aryl-aryl cross-coupling reactions (V. V. Grushin, H. Alper Chem. 
Rev., 1994, 94, 1047-1062). 

In contrast, the subject-matter of the present invention is represented by a process 
for the preparation of arylpyridines in which an aiybnagnesium halide is reacted 
with a halopyridine in the presence of a catalytic amount of a zinc salt and a 
catalytic amount of palladium, wherein the molar ratio of the palladium to the 
halopyridine is less than 1 : 100 and, normally, less than 1 :1000. 
In order to avoid any undesired secondary reactions, the arylmagnesium halide 
and the halopyridine should not contain other substituents capable of interfering 
with the Grignard reaction or, if such substituents are present, they should be in a 
suitably protected form; any carbonyl groups can be protected, for example, by 
being converted beforehand into the corresponding acetals. 

According to its preferred embodiment, the process according to the present 
invention can thus be represented in the following scheme. 



Rr 



R3 





MgX, 



7- 

Zn 



Pd 
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wherein: Rj. R2 and R3, which are the same or different from one another, 
represent H; a linear or branched C1-C6 alkyl; an aryl, preferably phenyl, 
optionally substituted by a linear or branched Ci-Ce alkyl; or, altematively, Ri and 
R2 represent an optionally cyclic acetal group; and Xi and X2, which are the same 
or different from one anotlier, represent CI, Br or 1. 

In its more preferred embodiment, the process consists (a) in reacting an 
arylmagnesium halide of formula : 




MgXi 



wherein X, represents CI, Br or I; R, and R2, which are the same or different from 
one another, represent linear or branched CrCb alky Is, preferably methyls, or, 
altematively, Ri and R2 together represent a single Ci-Cg alkyl or alkylene group; 
R3 represents hydrogen or a linear or branched C1-C6 alkyl or alkylene radical, 

with a halopyridine of formula: 

o = 

wherein X2 represents CI, Br or I, in the presence of a catalytic amount of 
palladium and a catalytic amount of a zinc salt, relative to which compound 1 is 
preferably used in dynamic deficiency (and the molar ratio of the palladium to the 
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arylpyridme product being less than 1:100 and, preferably, less than 1:1000); and 
(b) in transforming the intermediate compound so obtained into the desired 
compound by converting the acetal group into a carbonyl group. In particular, it 
is represented by a process for the preparation of 4-(2'-pyridyl)benzaldehyde in 
which: (a) an aryhnagnesiiun halide of formula: 



R]0, 




OR2 



Ibis 



MgX, 



wherein X„ Ri and R2 have the meaning given above, is reacted with a 
halopyridine of formula: 



2bis 



N 



^X2 



wherein X, has the meaning given above, in the presence of a catalytic amount of 
palladium and a catalytic amount of a zinc salt, relative to which compound 1 is 
used in dynamic deficiency (maintaining the molar ratios of compounds Ibis to 
2bis within the Umits indicated above); and (b) the intermediate compound so 
obtained of formula: 




3bis 



.0127083A1_L> 
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is transformed into 4-(2'-pyridyl)benzaldehyde by converting the acetal group 
into a carbonyl group. 

For the purposes of the present invention, the expression "catalytic amount" of the 
zinc salt means from 1 to 50 moles of zinc, preferably from 5 to 35 moles, per 100 
moles of halopyridine; the expression "catalytic amount" of palladium, however, 
means from 0.01 to 1 mole of palladium, preferably from 0.05 to 0.1 mole, per 
100 moles of halopyridine; the expression "the Grignard compound is used in 
dynamic deficiency relative to the zinc salt" means that the arylmagnesium halide 
is added dropwise to a solution already containing the halopyridine, the palladium 
and the zinc salt. Finally, the term "catalyticity" means the molar ratio of the 
catalyst to the halopyridine; owing to the fact that the process according to present 
.invention results in an almost qjiantitative convereion of the halopjnidine into the 
arylpyridine product, the "catalyticity" in practice coincides with the molar ratio 
of the catalyst to the arylpyridine product. 

Both in its general version and in its preferred version or in its more preferred 
version, the rriolar ratio of the palladium to the halopyridine is normally from 
1:3000 to 1:1000, preferably approximately 1:2000; the halopyridine is normally 
used in amounts of from 0.5 to 1.5 moles, preferably from 0.8 to 1.2 moles, per 
mole of arylmagnesiuin halide. 

In order for the coupling reaction to take place with high yields and a high degree 
of selectivity in the presence of a minimum amount of catalyst, the Grignard 
reagent must be prevented from accumulating in the reaction medium, and must 
thus be in dynamic deficiency relative to the zinc salt; the amount of co-catalyst 
(Zn salts) necessary depends on the regularity and the speed of addition of the 
Grignard compound: a ratio of from 1:50 to 1:10 of the Zn salts to the 
halopyridine has been found to be satisfactory. 
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The zinc salt is generally selected from zinc chloride (ZnCh), zinc bromide 
(ZnBrs) and zinc acetate [Zn(OAc)2]. However, the palladium is used principally 
in the form of palladium tetrakistriphenylphosphine [Pd(PPh3)4] or palladium 
salts, generally acetate or chloride, and phosphines. The phosphines which can be 
used for this purpose are well known in the art; it is preferable to use 
unsubstituted phosphines, such as triphenylphosphine, or, alternatively, 
substituted phosphines, such as tolyl phosphines. The ratio of the palladium to the 
phosphines is normally one mole of palladium salt per 3 - 5 moles of phosphines. 
This reaction can also be carried out in the presence of bidentate ligands, such as, 
for example, bidentate phosphines, such as l,3-bis(diphenylphosphine)propane 
(dppp) or l,4-bis(diphenylphosphine)butane (dppb); the use of those ligands, in 
combination with palladium and the zinc salt, makes it possible to obtain molar 
yields higher than 97% (calculated on the halopyridine) and a catalyticity higher 
than 2000, using both bromopyridines and the more economical and normally less 
reactive chloropyridines. 

The coupling reaction is generally carried out at a temperature of 25 - 85° C, 
preferably at 25 - 50° C, in an aprotic organic solvent that does not react with a 
Grignard compound, preferably in tetrahydrofiiran and/or toluene. 
In the more preferred embodiment of the invention, the removal of the acetal 
group is effected by acid hydrolysis; that is to say, stage (b) is normally carried 
out by treating the intennediate (for example 3bis) with an acidic aqueous 
solution; this stage is preferably carried out by adding an aqueous HCl solution 
directly to the organic solution obtained in stage (a) and by maintaining the 
temperature below 40° C. 

It is also observed that, when the acetal group of compound 1 is obtained by 
reacting the corresponding carbonyl group with a Ci-Cg diol (preferably with 1,3- 
propanediol, 1,2-butanediol, 1 ,4-butenediol or 2,2-dimethyl-l,3-propanediol), the 
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reaction proceeds without the occurrence of secondary reactions or, at any rate, 
with the formation of undesired secondary products being reduced to a minimum. 
A further subject of the present invention is therefore represented by a compound 
of the general formula 




and, preferably, by a compound of fomaula 




wherein R represents precisely a linear or branched Cj-Cg alkyl or alkenyl radical; 
the preferred radicals are: 1,3-propyl, 1,2-butyl, 1,4-butenyl or 2,2-dimethyl-l,3- 
propyl. 

Finally, as will be seen from the Examples, 4-(2'-pyridyl)benzaldehyde can be 
used for the preparation of N-l-(tert-butoxycarbonyl)-N-2-[4-(2-pyridyl)-benzyl]- 
hydrazine and N-l-(tert-butoxycarbonyl)-N-2-{4-[(2-pyridyl)-phenyl]methyl- 



wo 01/27083 



PCT/ITOO/00404 



11 



idene}- hydrazone, which are more advanced intermediates which can likewise be 
used in the synthesis of the HIV protease inhibitors described above; further 
subjects of the invention are therefore represented by the procedures for the 
synthesis of these compounds which comprise a process for the preparation of 4- 
(2'-pyridyl)berL2aldehyde according to the present invention. 
In conclusion, the process according to the present invention permits the synthesis 
of arylpyridines, and in particular of 4-(2'-pyridyl)benzaIdehydes, with 
particularly high, reproducible and industrially satisfactory yields; with a high 
level of productivity, with a substantially lower use of palladium compared with 
that described in the prior art for similar reactions, which is particularly important 
from the point of view of the economical nature of the process, given the 
extremely high cost of palladium; without the presence of electron-attracting 
groups on the aiyl halides. These and other aspects of the invention will become 
clear from the following Examples which are to be regarded as non-limiting 
illustrations thereof. 

EXAMPLES 

EXAMPLE 1 

Preparation of the Grignard reagent of 4*broniobenzaIdehyde dimethyl 
acetal. 

While regulating the temperature at from 30 to 35 °C, iodine (0.2 g) and then, 
over a period of approximately one hour, a solution of 4-bromobenzaldehyde 
dimethyl acetal (93 g, 0.394 mol) *in tetrahydrofuran (80 g) are added to a 
suspension of magnesium (9.6 g, 0.394 mol) in tetrahydrofuran (68 g) maintained 
at 30 with agitation under an inert atmosphere. The reaction mixture is 
maintained at 35''C with agitation for one hour. Toluene (88 g) is added to the 
reaction mixture. 



.0127083A1_I_> 
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Coupling reaction: preparation of 4-(2*-pyridyl)benzaldehyde 

/jiihydrous zinc chloride (13.6 g, 0.1 mol) and then 2-bromopyridine (52.8 g, 
0I334 mol) are added, with agitation under an inert atmosphere, to a solution 
constituted by. toluene (156 g) and tetrahydrofuran (132 g). Palladium 
tetrakistriphenylphosphine (0.204 g, 0.178 mmol) and then, over a period of two 
hours, the Grignard solution are added to the suspension maintained at 50 with 
agitation and under an inert atmosphere. The reaction mixture is maintained, at 
50°C for approximately 30 minutes and then cooled to 25®C. 

A solution constituted by water (300 g) and 30% hydrochloric acid (70 g) is added 
10 the reaction mixture over a period of approximately 30 minutes. The mixture is 
maintained under agitation at 25 °C - 30 °C for one hour and then the phases are 
separated. 30% ammonia is added to the aqueous phase up to a pH of 8, and then 
toluene (90 g) is added. The phases are separated, the organic phase is evaporated 
under vacuum to yield a residue constituted by 4-(2 -pyridyl)benzaldehyde (61.1 
g, 0.334 mol; yield in moles relative to the 2-bromopyridine added: 100%; 
turnover of the catalyst (Pd) 1 876). 

IR: 1695.7 cm'^ (aldehyde C=0 stretching); M.P.: 52° - 53X; ^H-NMR (300 

MHz, CDCI3): ppm 10.2 (IH, s); 8.8 (lH,dt, J = 4.8 Hz, J = 1.4 Hz); 8.25 (2H, 

part B of an AB system, J = 7.0 Hz); 8.15 (2H, part A of an AB system, J = 7.0 

Hz); 7.8 (2H, AB system, J = 8.6 Hz, J = 1 .4 Hz); 7.35 (lH,m). 

The product was identified by comparison with an authentic sample prepared in 

accordance with Example 37b described in patent WO97/40029. 

Comparativig lEXAMPLE 2 

Preparation of 4-(2'-pyridyl)benzaldehyde 

Example 1 was repeated without the addition of the catalytic amount of zinc 
chloride. The yield in moles of 4-(2'-pyridyl)benzaldehyde relative to the 2- 
bromopyridine added was 1%, the turnover of the catalyst (Pd) 1 8. 
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EXAMPT.F. ^ 

Preparation of 4-(2'-pyridyI)benzaldehyde 

Example 1 was repeated using palladium acetate (0.040 g, 0.178 mmol) and 
triphenylphosphine (0.186 g, 0.712 mmol) instead of palladium tetrakis- 
triphenylphosphine. The yield in moles of 4-(2'-pyridyl)benzaldehyde relative to 
the 2-bromopyridine added was 91%, the turnover of the catalyst (Pd) 1707. 
EXAMPT .F 4 

Preparation of 4-(2'-pyridyl)benzaIdehyde 

Example 1 was repeated using palladium acetate (0.04 g, 0.178 mmol) and 
triphenylphosphine (0.186 g, 0.712 mmol) instead of palladium tetrakis- 
triphenylphosphine and a different amount of anhydrous zinc chloride (18.2 g, 
0.133 mol). The yield in moles of 4-(2'-pyridyl)benzaldehyde relative to the 2- 
bromopyridine added was 88%, the turnover of the catalyst (Pd) 1650. 
EXAMPT.F^ 

Preparation of 4-(2'-pyridyl)benzaldehyde 

Example 1 was repeated using a different amount of zinc chloride (2.28 g, 0.0167 
mol). The yield in moles of 4-(2'-pyridyl)benzaldehyde relative to the 2- 
bromopyridine added was 93%, the turnover of the catalyst (Pd) 1 744. 
EXAMPf.F<; 

Preparation of 4-(2'-pyridyI)benzaIdehyde 

Example 1 was repeated using anhydrous zinc bromide (22.5 g, 0.10 mol) instead 
of zinc chloride. The yield in moles of 4-(2'-pyridyl)benzaldehyde relative to the 
2-bromopyridine added was 93%, the turnover of the catalyst (Pd) 1 744. 
EXAMPT.F. 7 

Preparation of 2-(4'-bromophenyl)-5,5-dimethyl-M-dioxane 

A mixture constituted by 4-bromobenzaldehyde (100 g, 0.54 mol), toluene (300 

ml), monohydrated ;7-toluenesulphonic acid (2.79 g, 0.0162 mol) and 2,2- 
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dimethyl- 1,3-propanediol (84 g. 0.81 mol) is maintained under agitation at 125°C 
for 4 hours while the water is removed by azeotropic distillation using a 
Florentine flask. 

A 30% solution of sodium methoxide in methanol (5.8 g, 0.0324 mol) is added to 
the reaction mixture cooled to 30°C. The whole is cooled to 25 "C and washed 
with water (2 x 100 ml). The phases are separated and the organic phase is 
reduced to a residue. Heptane (137 ml) is added to the dry residue and the whole 
is heated at 40°C until dissolution is complete. The whole is cooled to 10°C to 
give a suspension. After filtration and evaporation of the solvent under vacuum, a 
residue is obtained which is constituted by 2-(4'-bromophenyl)-5,5-dimethyl-l,3- 
dioxane (91 g, 0.335 mol, 62%). 

'H-NMR (300 MHz, CDCh), ppm 0.8 (3H. s); 13 (3H. s); 3.6^^^ 
AB system, J =10.6 Hz); 3.8 (2H, part B of an AB system, J = 10.6 Hz); 5.4 (IH, 
s); 7.4 (2H, part A of an AB system, J = 8.4 Hz); 7.5 (2H, part B of an AB system, 
J = 8.4 Hz). 

Preparation of the Grignard reagent of 2-(4'-broInophenyl)-5,5-diInethyl-13- 
dioxane 

While regulating the temperature at from 30 to 35°C, iodine (0.05 g) and then, 
over a period of approximately one hour, a solution of 2-(4'- bromophenyl)-5,5- 
dimethyl-l,3-dioxane (26.7 g, 0.098 mol) in tetrahydrofiiran (20 g) are added to a 
suspension of magnesium (2.4 g, 0.0985 mol) in tetrahydrofiiran (17 g) 
maintained at 30°C with agitation under an inert atmosphere. The reaction mixture 
is maintained at 35°C with agitation for one hour. Toluene (22 g) is added t6 the 
reaction mixture. 
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Coupling reaction: preparation of 4-(2'-pyridyI)benzaldehyde 

Anhydrous zinc chloride (3.4 g, 0.025 mol) and then 2-bromopyridme (13.2 g, 
0.0835 mol) are added, with agitation under an inert atmosphere, to a solution 
constituted by toluene (39 g) and tetrahydrofuran (33 g). 

Palladium tetrakistriphenylphosphine (0.051 g, 0.0442 mmol) and then, over a 
period of approximately 2 hours, the Grignard solution are added to the 
suspension maintained at 50 °C with agitation and under an inert atmosphere. The 
reaction mixture is maintained at 50 °C for approximately 30 minutes and then 
cooled to 25°C. 2-[4'-(2-pyridyl)phenyl]-5,5-dimethyl-l,3-dioxane is obtained 
with a yield of 84% in moles relative to the 2-bromopyridine added. Acid 
hydrolysis results in the formation of 4-(2'-pyridyl)benzaldehyde with an almost 
quantitative yield, turnover of the catalyst (Pd) 1889. 
Compar ative F X A 1VIPI.E 8 
Preparation of 4-(2'-pyridyI)benzaldehyde 

Example 7 was repeated without the addition of the catalytic amount of zinc 
chloride. The yield in moles of 4-(2'-pyridyl)benzaIdehyde relative to the 2- 
bromopyridine added was 2%, turnover of the catalyst (Pd) 37. 

EXAivrprF.Q 

Preparation of the Grignard reagent of 4-bromobenzaldehyde dimethyl 
acetal. 

A chip of iodine (50 mg) and p-bromobenzaldehyde dimethyl acetal (6.8 g, 98%, 
0.029 mol) are added to a suspension of magnesium filings (7.0 g, 0.287 mol) in 
tetrahydrofuran (109 g) maintained at 30 "C with agitation under an inert 
atmosphere: after a few minutes, the reaction is triggered and the internal 
temperature reaches 35°C. At the end of the exothermic reaction, a solution ofp- 
bromobenzaldehyde dimethyl acetal (62.4 g, 98%, 0.262 mol) in tetrahydrofuran 
(64.3 g) is added over a period of 1.5 hours while regulating the temperature at 
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from 30 to 35°C. The reaction mixture is maintained under agitation at 30°C for 



one 



! hour. 

Coupling reaction: preparation of 4-(2'-pyridyl)benzaldehyde 

2-bromopyridine (38.92 g, 0.246 mol) and palladium tetrakistriphenylphosphine 
(0.135 g, 0.117 mmol) are added to a mixture of ZnCh (3.08 g, 0.0226 mol) in 
tetrahydrofuran (59.6 g) maintained at 50°C with agitation under an inert 
atmosphere. The Grignard solution (249.5 g of solution, equal to 0.291 mol) is 
added dropwise over a total of 3 hours to the resulting suspension, which is still 
maintained at 50 °C with agitation under an inert atmosphere. The reaction 
mixture is maintained at 50 °C for 30 minutes and then cooled to 18 °C. 
A solution constituted by water (126 g) and 30% hydrochloric acid (40 g) is added 

to the reaction rnixture, keeping the. tei^pei^iffe of . 

30 minutes' agitation at 25°C, toluene (44 g) is added and the phases are 
separated. Toluene (87 g) and 30% ammonia (42 g) are added to the aqueous 
phase, and the phases are separated to yield, as the organic phase, a solution of 4- 
(2'-pyridyl)behzaldehyde (210.8 g, HPLC strength 20.6%, " equal to 43.42 g, 
0.237 mol; yield in moles relative to the 2-bromopyridine added: 96.4%, turnover 
of catalyst (Pd): 2028). 

Preparation of 4-(2'-pyridyl)benzaldehyde 

Example 9 is repeated using a different amount of ZnCh (0.1 g, 0.73 mmol), to 

give a molar yield of 4-(2'-pyridyl)berizaldehyde relative to the 2.bromopyridine 

added of 81 .2%, turnover of the catalyst (Pd) equal to 1700. 

rnmparative FX AMPLE 11 

Preparation of 4-(2'-pyridyl)benzaldehyde 

A solution of the Grignard reagent of 4-bromobenzaldehyde dimethyl acetal 
(51.4 g of solution, eqiial to 0.060 mol), prepared analogously to Example 9, is 
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added dropwise over a total of 3 hours to a solution of 2-bromopyridine (8.04 g, 
0.0509 mol) and palladium tetrakistriphenylphosphine (0.29 g, 0.25 mmol) in 
tetrahydrofuran (24 g) maintained at 50°C with agitation under an inert 
atmosphere. The reaction mixture is maintained at 50°C for one hour and then 
cooled to 25°C. 

A yield of 4-(2-pyridyl)benzaldehyde solution of 3.8% relative to the 2- 
bromopyridine added is obtained, turnover of the catalyst (Pd) 76. 
EXAMPT.F.12 

Preparation of 4-(2'-pyridyI)benzaIdehyde 

2-bromopyridine (8.07 g, 0.051 mol) and palladium tetrakistriphenylphosphine 
(0,032 g, 0,028 mmol) and then, over a total of 3 hours, a solution of the Grignard 
reagent of 4-bromobenzaldehyde dimethyl acetal (50 g of solution, equal to 
0.058 mol), prepared analogously to Example 9, are added to a mixture of ZnCl2 
(7.12 g, 0.052 mol) in tetrahydrofuran (24.2 g) maintained at 50 °C with agitation 
under an inert atmosphere. The reaction mixtiwe is maintained at 50°C for 30 
minutes and then cooled to 25 °C. 

A solution constituted by water (30 g) and 30% hydrochloric acid (9 g) is added to 
the reaction mixture and the mixture is maintained under agitation for 2 hours at 
25 °C. A portion of the solvent (30 g) is evaporated under vacuum and replaced 
by an equal amount of toluene and then the phases are separated. Toluene (30 g) 
and 30% ammonia (14 g) are added to the aqueous phase. The phases are 
separated to give a solution of 4-(2'-pyridyl)benzaldehyde (53.74 g, HPLC 
strength 16.66%, equal to 8.95 g, 0.0489 mol; yield in moles relative to the 2- 
bromopyridine added: 96%; turnover of the catalyst (Pd): 1920). 
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EXAMPLE 13 

Preparation of 4-(2'-pyridyI)benzaIdehyde 

A solution of the Grignard reagent of 4-bromobenzaldehyde dimethyl acetal (63 g 
of solution, containing 0.074 mol), prepared analogously to Example 9, is added 
dropwise over a total of 6 hours to a solution of 2-bromopyridine (7.95 g, 
0.050 mol), ZnCb (0.0071 g, 0.052 mmol) and palladium tetrakis- 
triphenylphosphine (0.032 g, 0.028 mmol) in tetrahydrofuran (23.6 g) maintained 
at 50°C with agitation under an inert atmosphere. The reaction mixture is 
maintained at 50°C for 30 minutes and then cooled to 25®C. 

A solution constituted by water (28 g) and 30% hydrochloric acid (9 g) is added to 
the reaction mixture and the mixture is maintained under agitation for 2 hours at 
25''C. 30 g of solvent are evaporated under vacuum and replaced by an equaL._ 
amount of toluene and then the phases are separated. Toluene (30 g) and 30% 
ammonia (12 g) are added to the aqueous phase. After filtering over a panel of 
Celite the solid at the interphase and washing the panel with toluene, the phases 
are separated to give a solution of 4-(2'-pyridyl)benzaldehyde (73,53 g, HPLC 
strength 11.1%, equal to 8.16 g, 0,0446 mol; yield in moles relative to the 2- 
bromopyridine added 89%; turnover of catalyst (Pd): 1620; turnover of Zn: 890). 
EXAMPLE 14 

Preparation of 4-(2'-pyridyl)benzaldehyde 

2-bromopyridine (7.90 g, 0.050 mol) and palladium tetrakistriphenylphosphine 
(0.029 g, 0,025 mmol) and then, at a temperature of 70 °C and over a total of 3 
hours, a solution of the Grignard reagent of 4-bromobenzaldehyde dimethyl acetal 
(53 g of solution, containing 0.062 mol), prepared analogously to Example 9, are 
added to a mixture of ZnCb (0.72 g, 0.0053 mol) in tetrahydrofuran (12.4 g) 
maintained under agitation under an inert atmosphere. The reaction mixture is 
maintained at 70 °C for 30 minutes and then cooled to 25 °C, 
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A solution constituted by water (28 g) and 30% hydrochloric acid (10 g) is added 
to the reaction mixture and the mixture is maintained under agitation for 2 hours 
at 25 ''C. Toluene (30 g) and 30% ammonia (9.7 g), are added and the phases are 
separated to give a solution of 4-(2 -pyridyl)benzaldehyde (53.5 g, HPLC strength 
17%, equal to 9.09 g, 0.049 mol; yield in moles relative to the 2-bromopyridine 
added: 99%, turnover of catalyst (Pd): 1960). 
EXAMPIFIS 

Preparation of Grignard reagent 

While regulating the temperature at from 30"^ to 35 °C, iodine (0.05 g) and then, 
over a period of approximately 1 hour, a solution of />ara-bromotoluene (16.9 g, 
0.0985 mol) in tetrahydrofuran (20 g) are added to a suspension of magnesium 
(2.4 g, 0.0985 mol) in tetrahydrofuran (17 g) maintained at 30 °C with agitation 
under an inert atmosphere. The reaction mixture is maintained at 35 °C with 
agitation for 1 hour. Toluene (22 g) is added to the reaction mixture. 
Coupling reaction: preparation of 4-(2*-pyridyl)toluene 

Anhydrous zinc chloride (3.4 g, 0.025 mol) and then 2-bromopyridine (13.2 g, 
0.0835 mol) are added, with agitation under an inert atmosphere, to a solution 
constituted by toluene (39 g) and tetrahydrofuran (33 g). 

Palladium tetrakistriphenylphosphine (0.051 g, 0.0442 mmol) and then, over a 
period of 2 hours, the Grignard solution are added to the suspension maintained 
at 50 °C with agitation and under an inert atmosphere. 

The reaction mixture is maintained at 50 °C for 30 minutes and then cooled to 
25°C. 

A solution constituted by water (75 g) and 30% hydrochloric acid (17.5 g) is 
added to the reaction mixture over a period of 30 minutes. The mixture is 
maintained under agitation at 25° - 30 ""C for 1 hour and then the phases are 
separated. 
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30% ammonia is added to the aqueous phase up to a pH of 8, followed by toluene 
(45 g). 

The phases are separated and the organic phase is evaporated under vacuum to 

give a residue constituted by 4-(2'-pyridyl)toluene (13.7 g, 0.081 mol - yield in 
moles relative to the 2-bromopyridine added: 97.1%, turnover of the catalyst 
(Pd): 1834). 

'H-NMR (300 MHz, CDCI3): ppm 2.4 (3H, s); 7.2 (IH, m); 7.3 (2H, d, J = 8.0 
Hz); 7.75 (2H, part B of an AB system, J = 6.0 Hz); 7.9 (2H, part A of an AB 
system, J = 6.0 Hz); 8.7 (IH, dt, J = 1.4 Hz, J = 3.2 Hz). 

The product was identified by comparison with an authentic ALDRICH sample 
(ALDRICH catalogue 1999 - 2000, page 1 679, cod. 46.539-9). 

Comparativ e EXAMPLE 16 , ^ 

Preparation of 4-(2'-pyridyI)toluene 

Example 1 5 was repeated but without using zinc chloride. 

The yield in moles of 4-(2-pyridyl)toluene relative to the 2-bromopyridine added 
was 9%, the turnover of the catalyst (Pd) is 1 70, 
EXAMPLE 17 

Preparation of 4-(2'-pyridyl)benzaldehyde 

Anhydrous zinc chloride (13.6 g, 0.10 mol) and then 2-chloropyridine (32.9 g, 
0.29 mol) are added, with agitation under an inert atmosphere, to a solution 
constituted by toluene (156 g) and tetrahydrofuran (132 g). 

Palladium tetrakistriphenylphosphine (1.77 g, 0.00153 mol) and then, over a 
period of 2 hours at 85*^0, a solution of the Grignard reagent of 4- 
bromobenzaldehyde dimethyl acetal (338.6 g of solution, equal to 0.394 mol), 
prepared analogously to Example 1, are added to the suspension maintained at 
50 *=*C with agitation and under an inert atmosphere. The reaction mixture is 
maintained at 85 °C for approximately 30 minutes and then cooled to 25 "^C. A 
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solution constituted by water (300 g) and 30% hydrochloric acid (70 g) is added to 
the reaction mixture over a period of approximately 30 minutes. The mixture is 
maintained under agitation at 25 - 30 for one hour and the phases are 
separated. 30% ammonia (32 g) is added to the underlying aqueous phase up to a 
pH of 8, followed by toluene (90 g). 

The phases are separated and the organic phase is evaporated under vacuum to 
give a residue constituted by 4-(2*-pyridyl)ben2aldehyde (44.6 g, 0.243 mol, yield 
in moles relative to the 2-chloropyridine added: 84 %, turnover of the catalyst 
(Pd) 160). 
EXAMPI.F IS 

Preparation of 4-(2'-pyridyl)benzaldehyde 

2-chloropyridine (27.95 g, 0.246 mol), palladium acetate (0.0276 g, 0.123 mmol) 
and l,3-bis(diphenylphosphine)propane (0.0509 g, 0.123 mmol) are added to a 
mixture of ZnCl2 (1.8 g, 0.013 mol) in tetrahydrofiiran (53,3 g) maintained at 
50 °C with agitation under an inert atmosphere. A solution of the Grignard 
reagent of 4-broniobenzaldehyde dimethyl acetal (239.6 g of solution, containing 
0.279 mol), prepared analogously to Example 9, is added dropwise over a total of 
3 hours to the resulting suspension, still at 50 ""C and under agitation under an 
inert atmosphere. The reaction mixture is maintained at 50 °C for 30 minutes and 
then cooled to 18 °C . 

A solution constituted by water (126 g) and 30% hydrochloric acid (40 g) is 
added to the reaction mixture, keeping the temperature of the mixture below 
35 "^C. After agitation for 1 hour at 25 °C, toluene (44 g) is added and the phases 
are separated. Toluene (87 g) and 30% ammonia (42 g) are added to the aqueous 
phase and the phases are separated to give, as the organic phase, a solution of 4- 
(2'-pyridyl)benzaldehyde (197.1 g, HPLC strength 22.2%, equal to 43.75 g, 
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0.239 mol; yield in moles relative to the 2-chloropyridine added: 97%, turnover of 
the catalyst (Pd): 1940). 
EXAMPLE 19 

Preparation of 4-(2'-pyridyl)benzaldehyde 

Example 18 is repeated using a different amount of ZnCb (1-0 g, 0.0073 mol), to 
give a molar yield relative to the 2-chloropyridine added of 97.8%, turnover of the 
catalyst (Pd) equal to 1974. 
RXAMPLE 20 

Preparation of 4-(2'-pyridyl)benzaldehyde 

Example 18 is repeated using a different amount of THF (1 14 g) in the coupling 
reaction and adding the Grignard reagent at 70 °C (instead of at 50 °C): a molar 
, yield relative to the 2-chloropyridiiie add^d 
catalyst (Pd) equal to 2075. 
FXAMPL.E 21 

Preparation of 4-(2'-pyridyl)benzaldehyde 

A solution of the Grignard reagent of 4-bromobenzaldehyde dimethyl acetal 
(49.2 g of solution, con-esponding to 0.057 mol), prepared analogously to 
Example 9, is added dropwise over a total of 3 hours to a mixture of 2- 
chloropyridine (5.82 g, 0.051 mol), ZnCh (0.48 g, 0.00352 mol), palladium 
acetate (0.00582 g, 0.026 mmol), l,4-bis(diphenylphosphine)butane (0.0115 g, 
0.027 mmol) in tetrahydrofiiran (26.2 g) maintained at 70 "C with agitation under 
an inert atmosphere. The reaction mixture is maintained at 70 °C for 30 minutes 
and then cooled to 25 °C. 

A quantitative yield of 4-(2'-pyridyl)benzaldehyde is obtained relative to the 2- 
chloropyridine added, turnover of the catalyst (Pd) of 1969. 
roiVfPAR ATTVE EXAMPLE 22 
Preparation of 4-(2'-pyridyl)benzaldehyde 
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Example 21 was repeated in the absence of zinc chloride. A yield in moles of 4- 
(2*-pyridy])benzaldehyde of 26% was obtained relative to the 2-chloropyridine 
added, palladium turnover of 520. 
EXAMPLE 2^ 

Preparation of 4-(2'-pyridyl)benzaldehyde 

2-chloropyndine (7.17 g, 0.063 mol), palladium acetate (0.0070 g, 0.031 mmol) 
and l,3-bis(diphenylphosphine)propane (0.013 g, 0.033 mmol) are added to a 
mixture of ZnCh (0.42 g, 3.08 nrniol) in tetrahydrofuran (13.7 g) maintained at 
30 °C with agitation under an inert atmosphere. A solution of the Grignard reagent 
of 4-bromobenzaldehyde dimethyl acetal (80.5 g of solution, containing 
0.070 mol), prepared analogously to Example 9, is added dropwise over a total of 

^.-^.^^"^^ *® resulting suspension, still at 30 **Cjmd under agitation imder an 

inert atmosphere. The reaction mixture is maintained at 30 ^'C for 30 minutes and 
then cooled to 1 8 °C. 

A solution constituted by water (32 g) and 30% hydrochloric acid (10.3 g) is 
added to the reaction mixture, keeping the temperature of the mixture below 
35 °C. After 1 hour's agitation at 25 ^'C, toluene (1 1 g) is added and the phases are 
separated. Toluene (22 g) and 30% ammonia (1 1 g) are added to the aqueous 
phase and the phases are separated to give, as the organic phase, a solution of 4- 
(2*-pyridyl)benzaldehyde (48.6 g, HPLC strength 22,7%, equal to ILOg, 
0.060 mol; yield in moles relative to the 2-chloropyridine added : 95%, turnover 
of the catalyst (Pd): 1941). 
EXAMPLE 24 

Preparation of 4-(3*-pyridyl)ben2aldehyde 

Anhydrous zinc chloride (6.8 g, 0.050 moles) and then 3-bromopyridine (26.4 g, 
0.167 mol) are added, with agitation under an inert atmosphere, to a solution 
constituted by toluene (78 g) and tetrahydrofuran (66 g). 
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Palladium tetrakistriphenylphosphine (0.102 g, 0.089 mmol) and then, over a 
period of 2 hours, a solution of the Grignard reagent of 4-bromobenzaldehyde 
dimethyl acetal (169.3 g of solution, equal to 0.197 mol), prepared analogously to 
Example 1, are added to the suspension maintained at 50°C with agitation and 
under an inert atmosphere. 

The reaction mixture is maintained at 50°C for 30 minutes and then cooled to 
25°C. 

4-(3'-pyridyl)benzaldehyde (25.6 g. 0.14 mol) is obtained with a yield of 84% in 
moles relative to the 3-bromopyridine added, turnover of the catalyst (Pd): 1576. 
IR: 1 701 .6 cm'' (aldehyde C-O stretching) 
m.p.: 52° - 53°C 

'H-NMR (300 MHz, CDCI3): ppm 10.1 (IH, s); 8.9 (IH. d. J = 2.2 Hz); 8.7 (IH, 
dd, J = 1 .6 Hz. J = 4.9 Hz); 8.02 (2H, part A of an AB system, J = 8.2 Hz); 7.97 
(IH, ddd, J = 2.2 Hz, J = 7.9 Hz. J = 1.6 Hz); 7.78 (2H, part B of an AB system, J 
= 8.2 Hz); 7.45 (IH, dd, J = 4.9 Hz, J = 7.9 Hz) 
romparativo FX AMPLE 25 

Preparation of 4-(3'-pyridyl)benzaldehyde 

Example 24 was repeated but in the absence of zinc chloride. 

The yield in moles of 4-(3'-pyridyl)ben2aldehyde relative to the 3-bromopyridine 

added was 3%, turnover of the catalyst (Pd) 56. 

FXAMPT E 26 

Preparation of 4-(4'-pyridyl)benzaldehyde 

Anhydrous zinc chloride (6.8 g, 0.050' moles) and then 4-bromopyridine (26.4 g, 
0.167 mol) are added, with agitation under an inert atmosphere, to a solution 
constituted by toluene (78 g) and tetrahydrofuran (66 g). 

Palladium tetrakistriphenylphosphine (0.102 g, 0.089 mmol) and then, over a 
period of 2 hours, a solution of the Grignard reagent of 4-bromobenzaldehyde 
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dimethyl acetal (169.3 g of solution, equal to 0.197 mol) prepared analogously to 
Example 1, are added to the suspension maintained at 50°C with agitation and 
under an inert atmosphere. 

The reaction mixture is maintained at 50°C for 30 minutes and then cooled to 
25°C. 

4-(4'-pyridyl)ben2aIdehyde (27.5 g, 0.15 mol) is obtained with a yield of 90% in 
moles relative to the 4-bromopyridine added, turnover of the catalyst (Pd): 1685. 
EXAMPT F. 27 

Preparation of N-l-(tert-butoxycarbonyl)-N-2-{4-[(2-pyridyI)-phenyl]- 
methylidene}-hydrazone 

A solution of 2 g (1.05 mmol) of 4-(2'-pyridyl)-ben2aldehyde and 1.37 g (1 mmol) 
of tert-butyl carbazate in 30 ml of etibanol is agitated at 80fp for 5 hours (after. 4 
hours a further 0.05 equivalent of tert-butyl carbazate is added). The reaction 
mixture is cooled and diluted with water; the product separates from the mixture 
in the form of crystals. 

TLC: Rf = 0.51 (methylene chloride : methanol = 15:1) 

'H-NMR (200 MHz, CDCI3): ppm 8.68 (IH, m); 8.21 (IH, s); 7.98 (2H, portion A 
of an AB system, J = 9 Hz); 7.85 (IH, s); 7.8 - 7.6 (4H, m); 7.22 (IH, m); 1.53 
(9H, s). 

EXAM PI .F. 2S 

Preparation of N-l-(tert-butoxycarbonyl)-N-2-[4-(2'-pyridyI)-benzyI]- 
hydrazine 

2 g (6.7 mmol) of N-l-(tert-butoxycarbonyl)-N-2-{4-[(2-pyridyl)-phenyl]- 
methyUdene}-hydrazone and 0.2 g of palladium / C 5% in 30 ml of methanol, are 
hydrogenated at ambient pressure and at ambient temperature for 8 hours. The 
catalyst is filtered and washed with methanol. The solvent is removed by 
distillation at reduced pressure. An oily residue is obtained which, by 
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crystallisation from cyclohexane, provides a colourless solid having a m.p. of 77- 
79°C. 

TLC: Rf = 0.46 (methylene chloride : methanol = 15:1) 'H-NMR (200 MHz, 
CDCb): ppm 8.69 (IH, m); 7.69 (2H, d, J = 2 Hz); 7.45 (2H, d, J = 2 Hz); 7.8 - 
7.65 (2H, m); 7.22 (IH, m); 4.06 (2H,s); 1.47 (9H, s). 



wo 01/27083 



PCT/ITOO/00404 



27 



CLAIMS 



1) A process for the preparation of aiylpyridines, in which an arylmagnesium 
halide and a halopyridine, neither of which has substituents that could interfere 
with a Grignard reaction, are reacted with one another in the presence of a 
catalytic amount of a zinc salt and a catalytic amount of palladium, the process 
being characterized in that the molar ratio of the palladium to the halopyridine is 
less than 1:100. 

2) A process for die preparation of arylpyridines according to claim 1, in which 
the arylmagnesium halide has the formula 



wherein A and B, which are the same or different from one another, represent H; a 
linear or branched CrCs alkyl; an optionally substituted acetal group; an aiyl or a 
benzyl, which are optionally substituted by groups that do not interfere with a 
Grignard reaction; and Xi and X2, which are the same or different from one 
another, represent CI, Br or I. 

3) A process for the preparation of arylpyridines according to claim 2, in which 
the arylmagnesium hahde has the formula 




MgX, 



and the halopyridine has the formula 
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Rr 



-R2 




MgXi 



and the halopyridine has the formula 




2 



wherein: R,. R2 and R3, which are the same or different from one another, 

represent H; a linear., ql branched C i,:C6 3T^yk.. , ?0^k . P^^^l E^^^^l!. 

optionally substituted by a linear or branched Ci-Ce alkyl; or, alternatively, Ri 
and R2 represent an optionally cyclic acetal group; and Xi and X2, which are the 
same or different from one another, represent CI, Br or 1. 

4) A process according to claim 1, characterized in that the arylmagnesium halide 
is used in dynamic deficiency relative to the zinc salt. 

5) A process according to claim 1, characterized in that the halopyridine is a 
chloropyridine. 

6) A process according to claim 1, characterized in that the aiylmagnesium halide 
is a bromide or a chloride. 

7) A process according to claim 1, characterized in that the zinc salt is selected 

from ZnCl.. ZnBr2 and/or Zn(OAc)2. 

8) A process according to claim 1, characterized in that the zinc salt is present in 
an amount of 1-50 moles, preferably 5-30 moles, per 100 moles of 
halopyridine. 
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9) A process according to claim 1, characterized in that the palladium is used in 
the form of Pd(PPh3)4 and/or Pd(0Ac)2 + 4 PPha. 

10) A process according to claim 1, characterized in that the palladium is used in 
an amount of 0.01 - 1 mole, preferably 0.05 - 0.1 mole, per 100 moles of halo- 
pyridine. 

1 1) A process according to claim 1, characterized in that the halopyridine is used 
in an amount of 0.8 - 1 .2 moles, per mole of arylmagnesium halide. 

12) A process according to claim 1, characterized m that it is carried out in the 
presence of bidentate ligands. 

13) A process according to claim 12, characterized in that the bidentate ligands 
are bidentate phosphines. 

14) ^A process according to claim 13, characterized in that the bidentate 
phosphines are selected from l,3-bis(diphenylphosphine)propane, 1,4- 
bis(diphenylphosphine)butane, l,r-diphenylphosphineferrocene, 

15) A process according to claim 13, characterized in that the bidentate 
phosphines are used in an equimolar ratio with the palladium. 

16) A process according to claim 1, characterized in that it is carried out at a 
temperature of 0 - 85°C, preferably at 30 - 50° C. 

17) A process according to claim 1, characterized in that it is carried out in an 
aprotic organic solvent, preferably in tetrahydrofuran and/or in toluene. 

18) A process for the preparation of arylpyridines according to claim 3, wherein 

Ri, R2 and R3 represent H. 

19) A process for the preparation of arylpyridines according to claims 1-17, 
wherein: (a) an arylmagnesium halide of formula 
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R|0. 




OR2 




1 



MgX, 



wherein X, represents CI, Br or I; Ri and R2. which are the same or different from 
one another, represent linear or branched Ci-Ce alkyls or, alternatively, Ri and R2 
together represent a single hnear or branched Ci-Ce alkyl or alkylene group; R3 
represents hydrogen or a linear or branched C^-Ce alkyl or alkylene radical, is 
reacted with a halopyridine of formula 



wherein X2 represents CI, Br or I, in the presence of a catalytic amount of a zinc 
salt and a catalytic amount of palladium; and (b) the intermediate compound so 
obtained is transformed into the desired compoimd by converting the acetal group 
into a carbonyl group. 

20) A process for the preparation of 4-(2'-pyridyl)benzaldehyde according to 
claim 19, characterized in that the aryhnagnesium halide has the formula: 




2 



RiO 




Ibis 



MgX, 
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and the halopyridine has the formula: 



2bis 



N 



^X2 



wherein X), X2, Ri and R2 have the meanings indicated above. 

21) A process according to claim 19, characterized in that stage (b) is carried out 
by acid hydrolysis. 

22) A process according to claim 20, characterized in that the acid hydrolysis is 
carried out at temperatures lower than 40'*C. 

23) A process according to claim 19, characterized in that R, and R2 are both 
methyls. 

24) A process according to claim 19, characterized in that R, and R2, together, are 
selected from 1,3-propyl, 1,2-butyl, l,4.butenyl and 2,2-dimethyl-l, 3 -propyl. 

25) A process for the preparation of azahexane heterocyclic derivatives having 
antiviral action, characterized in that it comprises a process according to claims 
19-24. 

26) A process according to claim 25, characterized in that the derivative having 
antiviral action is: 
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27) A process for the preparation of N-l-(tert-butoxycarbonyl)-N-2-[4-(2- 
pyridy l)-ben2yl] -hydrazine or N- 1 -(tert-butoxycarbonyl)-N-2- { 4.[(2-pyridy l)- 
phenyI]methylidene}-hydrazone, characterized in that it comprises a process 
according to claims 19-24. 

28) A compound of formula 



wherein R represents a linear or branched CrCg alkyl or alkenyl radical 
preferably selected from 1,3-propyl, U2-butyl, 1,4-butenyl and 2,2-dimethyl-l,3- 
propyl. 

29) A compound according to claim 28 of the formula 




R 




wherein R has the meaning given above. 



INTERNATIONAL SEARCH REPORT 



InU ional Application No 

PCT/IT 00/00404 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C07D213/46 C07D213/48 C07D405/10 //(C07D405/10 319-00 
213:00) -* ■ ■ " 

According lo Iniernalionat PatenI Classincation (IPC) or to both national classification and IPC 



B. RELDS SEARCHED 



Minimum documeniailon searched (classification system followed by classification symbols) 
IPC 7 C07D 



Documentairon searched other than minimum documentation to the extent thai such documents are included in the fields « 



Electronic data base consulted during the international search (name of data base and where practical, search terms used) 

WPI Data, EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' 



Citation of document, with indication, where appropriate, of the retevani passages 



Relevant to daim No. 



MILLER J A ET AL: "Synthesis of 
Functionally Substituted Unsymmetrical 
Biaryls via a Novel Double Metal Catalyzed 
Coupling Reaction" 

TETRAHEDRON LETTERS, NL, ELSEVIER SCIENCE 
PUBLISHERS, AMSTERDAM, 
vol . 39, no. 40, 

1 October 1998 (1998-10-01), pages 

7275-7278, XP004133657 

ISSN: 0040-4039 

cited 1n the application 

the whole document 

WO 97 40029 A (CIBA GEIGY AG) 
30 October 1997 (1997-10-30) 
cited in the application 
page 62-63 

V~ 



1-29 



1-29 



[ X I f^urlher documents are listed In the continuation of box C. 
' Spedat categories of cited documents : 



Palent family members are listed in annex. 



A' document defining the general state of the art which is not 
considered to be of particular relevance 

E* earlier document but published on or after the iniernational 
filing date 

L" document which may throw doubts on priority clalm(s) or 
which is cited to establish the publication date of £inother 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

P' document published prior to the international filing date but 
later than the priority date claimed 



■T' later document published after the international fifing dale 
or priority date and not in conflict with the application but 
ciied to understand the principle or theory underiying the 
invention ' 

'X' document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken atone 

"Y* document of panicular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
rn the ari. 

document member of the same patent family 





Date of the actual completion of the international search 


Date of maiBng of the international search report 




8 February 2001 


27/02/2001 1 


1 


European Patent Office. P.B, 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized officer j 

Lauro, P 





BNSDOCID: <WO_0127083A1.L> 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



InU jonal Application No. 

PCT/IT 00/00404 



C. (Continuation) 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Galego»y " 1 Citation of documeni, wrth indication. where appropriate, ot me relevant passages 



^-v Relevant to claim No.. 



P,Y 



M. C. JETTER, A. B. REITZ: "Synthesis of 

4-substituted imidazoles via 

Pal 1 adium-Catalyzed cross-coupl i ng 

reactions" 

SYNTHESIS, 

June 1998 (1998-06), pages 829-831, 
XP002159773 

cited in the application 
page 829 

DE 196 36 995 A (BASF AG) 
19 March 1998 (1998-03-19) 
page 3, line 42,43 

EP 0 972 765 A (CLARIANT GMBH) 
19 January 2000 (2000-01-19) 
page 4, line 32-54 



1-29 



1-29 



1-29 



Form PCT/ISA/210 (cominuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent Tamily members 



Inti ionat Application No 

PCT/IT 00/00404 



Patent document 
cited in search report 



Publication 
- <late - ■ 



Patent family 
member(s) 



Publication 
- <Jate 



WO 9740029 



30-10-1997 



DE 19636995 



19-03-1998 



EP 0972765 



19-01-2000 



AU 
AU 
BR 
CA 
CN 
CZ 
EP 
HU 
JP 
NO 
PL 
SK 
US 
US 
US 



AU 
CN 
WO 
EP 
HU 



" 706183 
2385997 
9701877 
2250840 
1216539 
9803373 
0900210 
9901612 
11511177 
984900 
329177 
145298 
6110946 
6166004 
5849911 



B 
A 
A 
A 
A 
A 
A 
A 
T 
A 
A 
A 
A 
A 
A 



4456497 A 
1230181 A 
9811069 A 
0931068 A 
9904096 A 



DE 19831246 A 
JP 2000204076 A 



10-06- 
12-11- 

29- 09- 

30- 10- 

12- 05- 

13- 01- 

10- 03- 
30-08- 

28- 09- 
21-12- 
15-03- 

11- 06- 

29- 08- 
26-12- 
15-12- 



-1999 
-1997 
•1998 
•1997 
■1999 
•1999 
•1999 
1999 
1999 
1998 
1999 
1999 
2000 
2000 
1998 



02-04-1998 
29-09-1999 
19-03-1998 
28-07-1999 
28-05-2000 

13-01-20i' 1 
25-07-20r a 



Form PCT/iSA/210 (patent family annex) (July 1992) 
<WO_0127083A1J_> 



